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fig. S1. Propagation of sound waves for 1 2 3 ( , , ) ( 2, 2, 0)       . Top cross-sectional view of the pressure field distribution at f =3.5 kHz. The cutting plane is shown on the right and the color indicates the pressure amplitude normalized by the input signal amplitude ( 0 p ). Differently from Fig. 3B , the color bar is chosen to be 0 11 pp    so that the plane modes (i.e., high and low pressure zones) are more evident. Note that the weak radiation outside of the structure is not clearly visible for this choice of color bar. 
fig. S2. Experimental and models of the building block (the extruded cube) for

Reconfigurable metamaterial based on extruded truncated octahedral
To demonstrate that the proposed strategy to design reconfigurable acoustic waveguides is not restricted to the origami-inspired structure consisting of a cubic array of extruded cube, here we consider a reconfigurable metamaterial based on extruded truncated octahedra. The building block of this metamaterial is an extruded truncated octahedron with a single degree of freedom, denoted by  in fig. S3 . This building block is constructed by extruding the 8 green hexagonal faces (highlighted in green in fig. S3 ) of the truncated octahedra, removing 4 of its square faces (highlighted in yellow in fig. S3 ) and making the two remaining ones rigid (highlighted in blue in fig. S3 ). This results in a 3D geometry composed of 50 identical rigid faces that can be folded along the 132 edges of length a (see fig. S3 -left). To form the metamaterial, we then connect the building blocks through the extruded edges. As for the case of the metamaterial based on the extruded cubes, by changing  between 0 and 2  the architecture of the system can be transformed to different configurations as shown in fig. S4 and movie S5.
fig. S3. Building block and central unit of the metamaterials based on extruded truncated octahedra.
To describe all the possible folding shapes of the structure, we need to describe the position of all the faces and edges of the central unit as function of  . We start by noting that the unit normal vector in outward direction to the 8 hexagonal faces are given by 22 sin , sin , cos 2sin cos
while the normals to the six square faces are 0, 0, 1 (sin cos ) 1, 0, 0 (cos sin 4)
We also define the 36 edge tangents 0, cos , sin cos , 0, sin sin 4, sin 4, 0
where st  v are the edge tangent vectors connecting the faces with normal vector
Having known all those vectors, one can fully describe the shape of the structure for given  . movie S5 illustrates all possible configurations of the 3D periodic structure. Interestingly, we find that 02     the metamaterial does not act as an acoustic waveguide, since it does not comprise a network of interconnected tubes. Only for 0  and 2    the plates defining the structures form interconnected channels that can be used to guide acoustic waves in one and two directions, respectively.
fig. S4. Reconfigurable metamaterial based on a tessellation of truncated octahedra. Models of the building block and the corresponding 444  reconfigurable acoustic metamaterial deformed into three different configurations:
Reconfigurable metamaterial based on extruded hexagonal prisms
As part of this study we also investigated the reconfigurability of a metamaterial based on extruded hexagonal prisms. Figure S5 shows the central unit and corresponding building block of this metamaterial. The building block of this structure is a hexagonal prism with all its faces extruded except for two square faces that are kept rigid (highlighted in blue in fig. S5 ). The resulting extruded unit consists of 30 rigid faces that can fold along 74 edges, and can be connected through the extruded edges to form a highly deformable structure characterized by three degrees of freedom, denoted by  ,  and  in fig. S5 . As for the other geometries considered in this study, the structure can be transformed into different shapes by changing  , β and γ . However, it is important to note that only for β0  the plates form a network of tubes. As such, here we consider β0  , so that all the possible configurations of the metamaterial are defined by the 4 vectors (1 sin 2α) 4, (1 sin 2α) 2, (1 sin 2α) 4 1 2 , 0,1 2
(1 sin 2γ) 4, (1 sin 2γ) 2, (1 sin 2γ) 4 0, 1, 0 S5. Building block and central unit of the extruded truncated octahedron metamaterial. The angels α and γ used to describe the shape of the geometry are demonstrated on the right which defined as angular deviation from vectors A and C (β is always assumed to be zero). In the building block on the left, the red arrows and shaded areas indicate the excited waves, while the green arrows and shaded areas highlight the points from which the structure radiates.
As shown in fig. S6 and movie S6, the network of tubes defined by this metamaterial can be transformed into multiple highly distinct shapes by varying α and γ . For (α, γ) (0, 0)  (fig. S6A ) the structure acts as a three-dimensional waveguide as the excited wave can propagate along three different directions. However, through the application of external deformation, the structure can be reconfigured either into another 3D waveguide with mutually perpendicular channels (for (α, γ) (π 4, π 4)  -see fig. S6B ), or a 2D waveguide (for (α, γ) ( π 4, π 4)    -see fig. S6C ) or a 1D waveguide (for (α, γ) (π 4, π 4)  - fig. S6D ).
fig. S6
. Reconfigurable metamaterial based on hexagonal prisms. Models of the building block and the corresponding 444  reconfigurable acoustic metamaterial deformed into three different configurations: (A) (α, γ) (0, 0)  ; (B) (α, γ) (π 4, π 4)  ; (C) (α, γ) ( π 4, π 4)    ; (D) (α, γ) (π 4, π 4)  .
movie S1: Possible shapes of the extruded cube and the corresponding 444  metamaterial. The extruded cube and corresponding metamaterial considered in this study can be transformed into multiple shapes by varying 12 α , α , and 3 α . Importantly, changing these three angles not only deforms the assembly of plates into numerous specific shapes, but also significantly alters the network of channels defined by them, providing an ideal platform for the design of reconfigurable acoustic waveguides.
movie S2. Propagation of sound waves for 1 2 3 (α ,α ,α ) (π 2, π 2,0)  . Top cross-sectional view of the pressure field distribution for 05 f  kHz (see counter on the bottom left). The color indicates the pressure amplitude normalized by the input signal amplitude ( 0 pp). The acoustic waves are generated by a source located at the opening highlighted in red in Fig. 3B . In this configuration the tubes are all parallel and disconnected from each other, so that the system behaves as a single-tube waveguide. As such, the acoustic energy remains mostly confined in the excited tube with weak radiation outside. The acoustic waves are generated by a source located at the opening highlighted in red in Fig. 4C . Due to the multiple interconnections and wave interference inside the system, sound waves follow a myriad of different paths accompanied by quasi-plane radiation patterns in lower frequencies and complex spatial patterns in higher frequencies.
movie S3. Propagation of sound waves for
movie S4. Propagation of sound waves for 1 2 3 (α ,α ,α ) (π 2, π 2, π 2)  . Top cross-sectional view of the pressure field distribution for 05 f  kHz (see counter on the bottom left). The color indicates the pressure amplitude normalized by the input signal amplitude ( 0 pp). The acoustic waves are generated by a source located at the opening highlighted in red in Fig. 5C . movie S5. Possible shapes of the extruded truncated octahedron and the corresponding 444  metamaterial. The extruded truncated octahedron and corresponding metamaterial considered in this study can be transformed into multiple shapes by varying γ between 0 and π2. Only for θ0  and θ π 2  the plates defining the structures form interconnected channels that can be used to guide acoustic waves in one and two directions, respectively. movie S6. Possible shapes of the extruded hexagonal prism building block and the corresponding 444  metamaterial. By applying an external force the metamaterial can be transformed into a 1D (for (α, γ) (π 4, π 4)  , a 2D (for (α, γ) ( π 4, π 4)    , or a 3D with mutually perpendicular channels (for (α, γ) (π 4, π 4)  ) waveguide.
